Abstract: It has been reported that the risk of depression is higher among people with type 2 diabetes compared with a nondiabetic population. Among diabetic patients, depression has been associated with worse self-care behaviors, poor glycemic control, and an increased risk of diabetes complications. Identifying factors associated with the occurrence of depression may help physicians identify earlier diabetic patients at a high risk of developing depression, improve prevention, and accelerate proper treatment. To our knowledge, very few populationbased studies have reported on the incidence of clinically diagnosed depression as a consequence of type 2 diabetes over a long follow-up period. The objective of this study was to estimate the incidence of clinically diagnosed depression among type 2 diabetic patients newly treated with oral antidiabetic drugs (ADs) and to identify factors associated with the occurrence of depression.
INTRODUCTION

D
iabetes and depression have a high prevalence. The number of people with diabetes is expected to increase from 366 million in 2011 (8.3% of the global population) to 552 million in 2030 (9.9% of the global population). 1 Depression is a common and serious mood disorder that represents the leading cause of moderate to severe disability, affecting 350 million people worldwide. 2 It has been reported that the risk of depression is higher among people with type 2 diabetes compared with a nondiabetic population. [3] [4] [5] However, these findings are still controversial. 6, 7 Depression is also an independent risk factor for the development of type 2 diabetes. 8 Some hypotheses on the pathophysiological mechanism linking diabetes and depression have been suggested, namely the psychological burden of a chronic condition, the stress-related hormonal changes, and the role of inflammation. 9, 10 Indeed, diabetes causing depression and depression causing diabetes are 2 mechanisms that could coexist. 8 Many studies have referred to the bidirectional relationship between these 2 conditions. [11] [12] [13] Patients suffering from both diabetes and depression are more likely to experience unfavorable health outcomes. Their prognosis of type 2 diabetes, in terms of disease severity, complications, and mortality, is worse than patients with diabetes alone. [14] [15] [16] Among type 2 diabetic patients, depression is associated with poor glycemic control 16 and an increased risk of microvascular and macrovascular complications. 4, 14 In addition, depression negatively affects patients' quality of life and self-care behaviors, such as dieting, physical activities, and adherence to drug therapy. 17 Although studying the incidence of depression could help predict the risk for the onset of new depression cases and could sensitize physicians to check for symptoms of depression in diabetic patients, few studies on depression among diabetic patients have reported on incidence. 18 Preville et al 19 estimated the incidence of depression for the older adult Quebec population, although it was based on 2 points in time during a 1-year followup period. To our knowledge, only 3 studies reported data on the incidence rate of depression among diabetic patients using a timeto-event analysis. 6, 11, 12 Moreover, because the purpose of those studies was to observe a difference between diabetic and nondiabetic patients, the incidence over time or across subgroups was not studied. Past studies on the factors associated with depression in diabetic patients had a cross-sectional design, and thus they could not imply any causal relationship. [20] [21] [22] [23] Identifying factors associated with the occurrence of depression may help physicians identify earlier diabetic patients at a high risk of developing depression, improve prevention, and accelerate proper treatment for depressed patients, which could improve patient self-care and reduce the long-term complications of diabetes.
Some studies have reported on diabetes as a risk factor for the onset of depression. 5, 24 However, to our knowledge, only a few population-based studies have been conducted to estimate the incidence rate of clinically diagnosed depression among patients with type 2 diabetes over a long follow-up period, 6, 11, 12 and none of them in the Canadian province of Quebec. In addition, factors associated with the occurrence of depression in this particular population have yet to be studied. In this study, we focused on a particular subgroup of diabetic patients, namely the type 2 diabetes population initiating an oral AD treatment. Therefore, our study sought to:
1. estimate the incidence rate of clinically diagnosed depression among type 2 diabetic patients newly treated with oral ADs in the Canadian province of Quebec; and 2. identify factors associated with the occurrence of depression in this population.
METHODS
Study Design, Data Sources, and Study Population
We performed this population-based cohort study using the administrative databases of the Quebec Public Health Insurance Board (ie, the Régie de l'Assurance Maladie du Québec
[RAMQ]) and the Quebec Registry of Hospitalizations (Maintenance et exploitation des données pour l'étude sur la population hospitalière [Med-É cho]). In the Canadian province of Quebec, the RAMQ administers medical services for all permanent residents of the province, and also the public drug insurance plan for recipients of guaranteed income supplement (GIS) or welfare, those without a private drug insurance plan, and all citizens aged 65 years and above. In 2014, approximately 3.48 million people (over 40% of the Quebec population) were enrolled in the public drug insurance plan. 25 The RAMQ databases are composed of claims data from physicians and pharmacists, and therefore, the accuracy and integrity of the data are related to the politics of refusing payment if not all required fields are completed. The RAMQ data file for pharmaceutical services has been deemed accurate. 26 The data file on beneficiaries provides details on demographics (age, region of residence [urban/rural], and sex). The data file on eligibility periods of drug insurance plan provides details on start and end dates of eligibility for the plan, and GIS and welfare details. The pharmaceutical services data file provides information about drugs (date of dispensing, drug identity, days' supply and prescriber's specialty). The medical services data file supplies information on medical services (date and diagnosis, as defined by the International Classification of Diseases, Ninth Revision [ICD-9] and the physician's specialty). Med-É cho provides information on hospitalizations (date, primary and up to 16 secondary diagnoses, as defined by the ICD-9 or the ICD-10, starting in 2006). We used a unique encrypted health insurance number to link the data files and Med-É cho at the patient level. The Ethics Review Board of the Centre hospitalier universitaire (CHU) de Québec Research Center approved the study, and the Quebec Information access commissioner-Commission d'accès à l'information du Qué-bec-authorized the RAMQ to send us the data.
We asked the RAMQ to identify all beneficiaries of the public drug insurance plan for whom there was at least 1 claim for an AD between January 1, 2000 and December 31, 2006 . The date of the first claim after January 1, 2000 were considered as AD initiation. We further asked RAMQ to exclude all patients who received an AD in the 1-year period before AD initiation, to ensure that only new users were included, and also patients who had not been eligible for the Quebec drug plan for the full 1-year period before AD initiation. This ensured that we had complete information about the use of physicians' and pharmaceutical services and mental health history, other than depression, during the year preceding AD initiation. We excluded patients who were under age 18. To focus on type 2 diabetes, we used oral AD as a marker, and we excluded patients who had received only insulin as initial AD therapy. The date of inclusion in the study was the date of the first claim for any oral AD. To limit our study to patients without depression at the time of oral AD initiation, we excluded patients who had at least 1 inpatient or outpatient claim with the ICD-9 or ICD-10 code for depression (ICD-9 codes: 311, 300.4; ICD-10 codes: F32, F33, F34.1, F41.2) or a claim for an antidepressant drug (see Supplemental Table S1 , http://links.lww.com/MD/ A995) during the 1-year period before AD initiation.
Definition of Variables
Depression occurrence was assessed using an algorithm proposed and validated by Alaghehbandan et al 27 : 1 inpatient claim or 1 outpatient claim made by a psychiatrist with an ICD-9 or ICD-10 code for depression (ICD-9 codes: 311, 300.4; ICD-10 codes: F32, F33, F34.1, F41.2); or 2 outpatient physician claims with an ICD-9 code for depression (311 or 300.4) within 2 years; or 1 non-psychiatrist physician outpatient claim and a claim for an antidepressant drug (see Supplemental Table S1 , http:// links.lww.com/MD/A995) within 2 years. The date of depression diagnosis was based on whichever occurred sooner: the date of hospitalization, the first physician visit during which the diagnosis was made, or the date of the first claim for an antidepressant drug. Patients were followed from their oral AD treatment initiation until the depression diagnosis, loss of eligibility for the drug plan, death, or December 31, 2008, whichever came first.
At the time of oral AD initiation, we identified sociodemographic variables such as age, sex, region of residence (urban, rural), and socioeconomic status. Socioeconomic status was estimated with the GIS and welfare details (high ¼ no GIS, medium ¼ partial GIS, low ¼ maximum GIS, or welfare). We also identified the initial oral AD treatment (metformin, secretagogue, polytherapy, and others) and the initial prescriber's specialty (general practitioner, endocrinologist, internist, and others). In addition, we assessed the number of physician visits, number of different physicians visited, number of different drugs claimed, number of hospitalizations (except those with diabetes or depression as the main cause), and the occurrence of mental health disorders other than depression (eg, anxiety disorders, adjustment disorders, bipolar disease, schizophrenia, Alzheimer disease, dementia) during the 1-year period before oral AD initiation.
Statistical Analysis
We performed a descriptive analysis of the studied population and determined the incidence rates of new-onset depression using person-time analysis. The person-years (PYs) of follow-up comprised the interval between the date of oral AD initiation and the date of depression diagnosis. Because differences by age group and sex are reported for the occurrence of depression in the literature, we calculated incidence rates by age and sex. We also analyzed data based on the time since oral AD treatment initiation (1, 2, and 5 years from initiation) to detect patterns in the incidence of diagnosed depression. To identify factors associated with depression, and also the interaction term between variables, we calculated unadjusted and adjusted hazard ratios (HRs), along with their 95% confidence interval (CI) and 2-tailed P values, using Cox regression analyses. Variables were selected using a backward procedure with a significant P value of 0.05 for their removal from the model. The hazards proportionality assumption was verified by plotting the graph of the ln[-ln(survival)]. 28 To better meet the proportionality assumption, the number of physician visits, number of different physicians visited, and number of different drugs claimed were not categorized, but were kept as continuous variables. Because the number of hospitalizations and the presence of mental health disorders, other than depression, during the year preceding oral AD initiation did not satisfy the proportionality assumption, these variables were categorized in 2 periods (the first 6 months, corresponding to a higher probability of depression, and the period starting after the sixth month until the end of follow-up, corresponding to a lower probability of depression). We considered 2-tailed P values lower than 0.05 statistically significant. Analyses were carried out using SAS version 9.4 software (SAS Institute, Cary, NC).
RESULTS
Out of 145,973 patients who were dispensed an AD between 2000 and 2006, 114,366 were new oral AD users free of depression at the time of AD initiation (see Figure 1 ). Of them, 4808 had a diagnosis of depression during follow-up. The median follow-up period was 4.23 years for the whole cohort (2.06 yrs for patients diagnosed with depression and 4.31 for the others). The average age at oral AD treatment initiation was 65 years (median 67, range 18-105), and 48.4% were female. The majority lived in an urban area (78.8%) and had a high socioeconomic status (56.6%) ( Table 1) . During the 1-year period before oral AD initiation, on average, patients visited a physician 3.9 times and had claims for 6.4 different drugs.
Incidence of Depression
The overall incidence rate of diagnosed depression was 9.47/1000 PYs for the entire period (10.72/1000 PYs for women and 8.27/1000 PYs for men). We observed that the incidence of depression was higher in the first year after oral AD treatment initiation (12.61/1000 PYs) and lower during the first 2 years and 5 years after oral AD treatment initiation (11.03/1000 PYs and 10.48/1000 PYs, respectively). When only the first year was considered, the incidence of depression was higher in women than in men (14.49/1000 PYs vs 10.84/1000 PYs). However, as shown in Table 2 , when stratified by age, this higher incidence in women diminished in magnitude with age and reversed for those aged above 85 years (17.65/1000 PYs for women and 20.35/1000 PYs for men). In both women and men, the incidence of depression showed a U shape tendency with age, with the lowest rates observed for those between 55 and 74 years old ( Figure 2 ). The results for the incidence of depression during the 2 and 5 years after oral AD treatment initiation and the entire period of follow-up showed the same tendency with age and sex (results not shown). 
DISCUSSION
Our main objective was to analyze the incidence of diagnosed depression in a large cohort of type 2 diabetic patients newly treated with ADs in the province of Quebec. In our population, the 1-year incidence rate after cohort entry was 12.61/1000 PYs, and the incidence rate during the entire period was 9.47/1000 PYs, which is similar to those reported by Brown et al 6 (6.5/1000 PYs) and Chen et al 11 (7. 03/1000 PYs) for the Canadian province of Saskatchewan and Taiwan, respectively. In these 2 studies, the researchers used diagnostic codes and claims of antidepressants to assess the occurrence of depression over a similar follow-up period. The only study we found for the Quebec population was performed among 965 individuals with type 2 diabetes and without symptoms of depression at baseline. In that study, authors used the 9-item Patient Health Questionnaire (PHQ-9) to assess the presence of symptoms for both major and minor depression combined, which is different from the algorithm we used based on diagnostic codes and antidepressant claims, and they found a cumulative incidence of depressive symptoms of 14% after 1 year of follow-up. 29 Differences in the methods used to assess depression and in age distribution (their population was younger than ours, and the incidence of depression is higher in younger subjects 30 ) could partly explain the difference in results between the studies. Moreover, our results reflect the rate of depression diagnosed by physicians, whereas theirs show the cumulative incidence of minor and major depressive symptoms over 1 year in the diabetic population of Quebec. Subjects who did not consult a physician for their symptoms of depression or those consulting a psychologist (a service not covered by the RAMQ) could not be computed in our incidence calculation because this information is not captured by RAMQ. It is known that depression is underdiagnosed in primary care, especially among the older population. [31] [32] [33] Our results suggest that this may also be the case among diabetic patients in Quebec, as the incidence rate we found is lower than that expected based on cumulative incidence data reported by Messier et al. 29 Nevertheless, it is important to stress that these results should be interpreted with caution, as our aim was not to compare the incidence of depression between patients with and without diabetes. Our objective was rather to estimate the incidence of depression among newly treated type 2 diabetes patients and to explore some characteristics potentially associated with this incidence.
An important observation is that the incidence of depression was higher in the year after oral AD treatment initiation than in subsequent years. This increased incidence observed in the first months after oral AD treatment initiation could be related to an increased burden associated with this chronic condition 34 or an increased attention from the medical team to any symptoms that could be related to diabetes during the first year of treatment. 35 We could not confirm these reasons with our data, nor we did determine if the incidence of diagnosed depression is higher in patients with treated type 2 diabetes than in individuals without diabetes, because our study was not designed to answer these questions.
We observed that the incidence of depression was higher in women than in men, which is a well-established consensus. 30, 36 However, for those aged 85 years and above, we found that the incidence of depression was higher in men than in women. In Canadian literature, we did not find any evidence of a reversal of the difference in depression incidence between women and men with aging. The reversal we observed could be because we used narrower age categories for older patients (ie, 65-74, 75-84, and 85 and above), whereas 65 years and above was the most common category used in other studies. 30, 37, 38 Moreover, for both men and women, we observed that the incidence of depression continuously decreased between the 18 to 44 and the 65 to 74 age groups, and increased afterward. In an earlier study conducted in the Canadian general population, an increased incidence of depression was reported for both men and women aged over 75 years. 39 However, in another study, Murphy et al 37 found that the incidence of depression was not different between individuals aged <55 years and those aged !55 years, irrespective of sex. The increased incidence of depression we observed for older patients above 74 years could be due to the presence of diseases of aging, such as neurodegenerative diseases or cardiac conditions. Since we did not investigate such diseases, we cannot exclude that these conditions of aging could be present after antidiabetic treatment initiation and therefore could explain this increased incidence rate.
We also observed a statistically significant interaction between age and socioeconomic status, which means that younger patients (<55 years old) with a low socioeconomic status were more likely to be diagnosed with depression than the same age group with high socioeconomic status. Earlier studies found that poverty, low income, or unemployment were associated with a higher risk of depression. 23, 40, 41 Other social disadvantages, such as low educational level or social deprivation, often accompany low income and could mediate the association between income and depression. 41 However, we observed that patients aged 75 years or above with a high socioeconomic status were more likely than patients between the age of 55 and 64 years in the same socioeconomic group to have a depression diagnosis, but the same was not observed for patients aged 75 years and above with a low socioeconomic status. The higher risk of diagnosed depression for older patients in the higher socioeconomic status group is more difficult to interpret. In fact, the literature provides no other studies with similar findings. Further research is needed to confirm our result and to determine explanations.
Consistent with the findings of other studies, we found a lower risk of depression in patients living in rural versus urban areas. 42, 43 This may be because those living in rural areas have a lower tendency to obtain or more difficulty obtaining medical services and thus have a lower chance of diagnosis. 44, 45 We observed that individuals with a history of mental health disorders were more likely to be diagnosed with depression, which is consistent with other studies that found that individuals with a history of anxiety or dementia were more likely to receive a diagnosis of depression. [46] [47] [48] We found a positive association between the occurrence of depression and a higher number of physicians visited during the year preceding oral AD treatment initiation, and also a higher number of different drugs claimed and being hospitalized in that same year. A high number of physicians visited, drugs claimed, or being hospitalized may indicate that patients have concomitant illnesses. The presence of diabetes complications or other comorbidities, especially chronic conditions, have been previously associated with depression. 6, 21, 22, 41 We observed that receiving an antidiabetic polytherapy, rather than metformin alone, as the initial AD therapy, was associated with the occurrence of depression only in the univariate model. Polytherapy, including insulin as the initial treatment, may be a proxy for the severity of diabetes. 49 If so, this result would suggest that the severity of diabetes might not influence the occurrence of depression. This hypothesis, however, needs to be confirmed through further research using valid clinical information on diabetes severity.
Finally, individuals for whom the initial oral AD treatment was prescribed by an internist rather than a general practitioner were less likely to be subsequently diagnosed with depression. This result could be explained by the fact that individuals treated by internists might be different from those followed by general practitioners. We further investigated this hypothesis and found that the proportion of male patients who were prescribed the initial oral AD treatment by an internist was higher than among those whose prescriber was a general practitioner (58% vs 51%, results not shown). Since the risk of depression in men is lower than that in women, this difference could partly explain the result we found. Differences in internist practices could also play a role, but, to our knowledge, the association between the initial AD treatment prescriber's specialty and depression has never been assessed. Further research is needed to better understand this association.
Our study has several strengths. First, by using the RAMQ databases, we had access to a large cohort of type 2 diabetic patients, newly prescribed oral ADs, or both oral ADs and insulin throughout the province of Quebec. This study is population-based for age 65 and over because people turning 65 are automatically registered for the RAMQ public drug plan. The study is also population-based for those aged under 65, insured with the public drug plan. However, generalization to the Quebec diabetic population aged under 65 years must be done with caution as employed individuals benefitting from a private group drug plan were not included in our cohort, which resulted in a population with a lower socioeconomic status. Another strength is that for the assessment of depression, we used an algorithm validated in a Canadian setting, which reduces the potential for recall or social desirability biases that can affect survey results. 50 Furthermore, self-administered questionnaires, which are a widely used method of depression assessment, may tend to overestimate depression in diabetic patients. Indeed, most patients with diabetes and high levels of depressive symptoms could be emotionally distressed due to their diabetes, rather than being clinically depressed. 51 Our study also has some limitations, especially due to the use of administrative data. In the RAMQ databases, there is no information about patients aged under 65 years who are covered by a private drug insurance group plan, which results in a sample where employed patients are under-represented. The impact of this under-representation on our observed incidence is difficult to assess. On average, publicly insured patients have a lower socioeconomic status. Because depression is more prevalent in low-income groups, 40 the incidence we observed could be higher than a representative sample of the diabetic population of Quebec. Contrarily, depression is more frequent in younger individuals than in the older population. 30 In our cohort, patients were, on average, older than the general diabetic population, meaning that the incidence we observed could be lower than a representative sample. Nevertheless, this underrepresentation of younger patients should not have a large impact on the results because the prevalence of diabetes sharply increases with age. 52 We cannot establish how our results apply to other populations in other healthcare contexts. We used claims data rather than a structured diagnostic interview to assess depression. The algorithm used to identify patients with depression had a sensitivity of 78% and a specificity of 93%. 27 Furthermore, since depression is likely underdiagnosed and undertreated in primary care, especially among the older population, [31] [32] [33] it is thus possible that we have underestimated the incidence of depression. In the literature, no perfect algorithms for the detection of depression in the administrative data exist. 53 Moreover, different diagnostic codes are currently being used for depression diagnosis, but there is no consensus on which codes to include in an algorithm to detect depressed patients. 53 In addition, as we were not able to accurately determine the exact date for both the onset of depression and the diagnosis of type 2 diabetes, we cannot rule out the fact that some depressions may have occurred before the oral antidiabetic drug treatment was initiated. Finally, certain characteristics and clinical data known for being associated with the occurrence of depression, such as severity of diabetes, 54 smoking habits, 41, 55 body mass index, 56 ethnicity, 56 or self-perception of health status, 55 are also not available in the RAMQ databases and therefore could not be assessed.
CONCLUSIONS
Diabetes is a chronic condition requiring long-term, continuous management. Psychological distress can negatively influence the achievement of glycemic control required for preventing diabetes complications. Our results suggest that the incidence of diagnosed depression is low compared with available data on the incidence of symptoms of depression for the diabetic population of Quebec. Our results also suggest that being a woman, of a younger age, of low socioeconomic status, and having a history of mental disorders, such as anxiety or dementia, are important risk factors for the occurrence of depression in this population.
